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5.0 Radiation Protection (Continued) 
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8.0 Long Duration Habitat Trade Study (Continued) 

MTV Habitat Trade Study Goals 8.10 

MTV Habitat Trade Space Facing Page Text 8.11 

MTV Habitat Trade Space 8.12 
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9.0 Evolutionary Lunar and Mars Options (Continued) 
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13.0 Orbital and Space-Based Requirements (Continued) 

MTV Aerobrake Mission Two 13.66 

MTV Aerobrake Mission Two (Cont’d) 13.67 

MTV Aerobrake Mission Two (Cont’d) 13.68 
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14.0 Technology (Continued) 

Mars Reference Vehicle Technology Requirements (Cont’d) 14.21 
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Acronymns: AB - aerobraking; MEV - Mars Excursion Vehicle; MTV - Mars transfer vehicle, 
includes trans-Mars injection stage as well as transfer propulsion and hab; MAV - Mars ascent 
vehicle; LEO - low Earth orbit; ECCV - Earth crew capture vehicle (like an Apollo command 
module). 














Principal Findings Dec. 1989 

This page summarizes results presented at the first study review. Definition of a baseline 
cryogenic/aerobraking system that could perform all of the mission opportunities of interest 
required a joint and cooperative analysis of vehicle parametrics and performance, and of mission 
profile options. The first three items reported were accomplished by a joint effort by Boeing and its 
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We performed extensive low-thrust trajectory and mission profile analyses, concluding that electric 
propulsion systems can be used for Mars crew transportation, with competitive trip times. 

The high-Isp NTR item was described on the previous page. The technology advancement strategy 
is presented later in the briefing. Our conclusion was that an advanced propulsion technology path 
can be chosen befor full-scale development funding. 
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Second Quarter Findings, March 1990 
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• Novel mission modes. 

Extensive potential for commonality at major subsystem level. 

• can^be supported *" CS ^ adva " Ced technolo 8y; ambitious lunar/planetary activity levels 

• Opportunities for synergistic evolution of architectures and technologies. 
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MEV Aerobraking Constraints 
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Aerobraking and Landing Summary 
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ment. On the other hand, if the latitude band requirement is enlarged, still higher L/D might be 
required. 
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Long-Duration Habitat Trade Study Summary 
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Habitat Module Evolutionary Context 
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Evolutionary Context 
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Advanced Propulsion Summary 
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Evolutionary/Innovative Architectures Summary 
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Evolutionary/Innovative Architectures Summary 
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Benefits indicated if we can separate functions of delivering hardware and 

delivering propellant. There are numerous launch system concepts for low-cost 
delivery of propellant to orbit; not applicable to delivering hardware. 
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Accomplishments Since Dec. 89 
System Description 
Complete Requirement Example 
Reduced Graphics Example 
Text Only Example 





UUUV 



STCAGM Requirements Database 

System Description 
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STCAEM Requirements Database 

Development Plan 
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Improved Output Format 
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Mars Trajectory Data 
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Venus Swingby Data 
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Trajectory Information for Mission Opportunities 
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Orbit Insertion Lighting Angle, Latitude, and Approach Turning Angle 

for 2010 to 2025 Mars Mission Opportunities 
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2010 Opposition Class Mission Trajectories 
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2010 Opposition Class Mission Trajectories 
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2017 Opportunity, 450-day Mission, No Aerobraking 
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Communications Coordinates at Mars 
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GN&C, Aeroheating, Mars Landing 
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- Landing scheme 

- Crossrange & ideal landing AVs 

- Aerobrake shape 

- Results 



Aerocapture GN&C Analyses 
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Aerocapture GN&C Analyses 


3 J 

2 « 
0> ► 
► 

c £ 
© c 

tS cj 


© 08 


o 

•22 EE 
3 "5 

c« e 
s o 

C8 u 
► ^ 


c 

► 0J 

© «? 

► a 

0> — 

00*© 

_r o 


o> © 


Is 

'S © 
CL © 

© © 
Q 


© © 
u •— 

3 © 
a. *3 
© •© 
g © 

£ S 

08 £» 

£ « © 
W 2 OJ 

B J5 b 

OB © ^ 

I »i 

Zf * 

© © h= 


© *© 

CO u 

c a 

B •© 

© .E ^ 


OJ co 
= © 

2 a 

o> u 


g « * 

ss © 2 
8 2 « 

2 © © 


« .. © 

o « J< 
.2 U © 


© © .S’© 

M 5 k 


£! a 

£?S 3 

H 


. QJ © 

© s 3 

^ s 2 

|3f 

g © .S 

a." a 

© w © 

© £ S 

& .2 © 


-f-2 

° © 3 

| 8 8 

Bug 

23 £ 

1 8 | 

«»S g 

2 © J> 

a &• co 

3 08 © 
S3-o 

*< 


08 0 > 

5 fc 

© 

tm V* 

Q. © 

6 s 

Z « 

B= *© 


8 | 
~ s 

2 3 

© ■© 
•«S| © 


© *- 
u c 

© © 
N S 

S O 

a. 

fc x 

3 © 

■ ■© 
^ QJ 

|S 


<£ jj 08 


00 4 > 
© X 

C 1= 

•SO 

©9 

X ^ 


08 q; 

^ £ 

II c 

3 2 

?Ox 

ffO & 

3 CK © 

cm© 

— fe T3 

•© © « 

3 © 

O "5 
a O A 

1«5 

2 


f •§ 

*1 

u u 

<S 08 

"O ^ 

2o 

00 Q 


5^2 

™ U 0) 

■o © JC 
© iv. CL 

SO o 

Sea 

1§ m © 


* 3 g 

3 ti © 


|c § 

3,3 S 

« 2 C 


^ "S © 

■g >S 
3 «s o» 

« © *E 

Sr. a © 


S' 3 ► 

C CO c 

S! " 
s S 8, 

Q 89 « 


and flight control systems 



Guidance, Navigation & Control 


r 











"TS'r ^imvC 


ORIGINAL PAGE IS 
OF POOR QUALITY 



< comparison of the atmospheric deviation obtained 
with the MARSGRAM and Optic codes 







Guidance Schemes for Aerocapture 
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Mars Aerocapture Trajectory - Finite Roll Rate 
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Mars Aerocapture Trajectory Design Approach 
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Mars Aerocapture - Guided Trajectory Examples 
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Atmosphere Entry Conditions for "Slalom Course" Maneuver 
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Slalom Course" Maneuver Profiles 
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Orbit Correction Analysis 
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(Aeroheating) Methods and Assumptions 
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Aeroheating Methods and Assumptions 
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- Axisymmetric Analog 

-Pressure Distribution: Newtonian Impact Theory 
-Laminar Flow (Re transition = 2 x 10 6 ) 




Mars Aerocapture Stagnation Point Heating 
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Heating Distribution 
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Heating Distribution 
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Temperature in K 




Mars Return Aerocapture Stagnation Point Heating 
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Mars Return Aerocapture Stagnation Point 
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Aeroheating Principal Findings 
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Aeroheating Principal Findings 
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Needs 

- Improved Analysis for Non-Equillibrium Radiation in CO 2 Atmosphere 

- Engineering Methods for treating Non-Axisymmetric blunt body flows. 





Importance of Landing Site Analysis 
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mportance of Landing Site Analysis 
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Preliminary Mars Landing Sites Between ± 20° Latitude 
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COSPAR low-desnity atmosphere. This will permit landings up to 8 - 9 km altitude with typical 
atmosphere densities. 



Preliminary Mars Landing Sites 
Between +/- 20° Latitude 
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Preliminary Mars Landing Sites 
Between +/- 20° Latitude 

page 4 



UJ 

O 



D615-10009 




Landing Cross-Range Analysis 


o 

e 


>> 

x> 


.S a) 
73 U 

g •§ 

O t-f 

1.9 



<D 0) 

co 

<D 


T3 







2 • 
c o 

>* <u 

if 

<D Tf 

5 - 

5 

8.2 
P P 


i 




Landing Crossrange Analysis 
(5km Landing Altitude, Low Density Atmosphere) 














Mars Descent Analysis Findings 
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Mars Descent Analysis Findings 
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area of 10% of the aerobrake 




Aerobrake Shapes 
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Mars Landing Simulation with Aerodynamic Flare 
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Radiation Protection Requirements Summary 
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Units & Terms Used to Describe Human 
Response to Ionizing Radiation 
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Short Term Dose Equivalent Limits and Career 
Limits for Protection Against Nonstochastic Effects 
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Dose comparison data from Dr. S Nachtwey, report from “Health Physics, August 1988 
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Radiation Dose Examples and Effects 
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From the SICSA Outreach Journal; Vol. 2,No. 3, July-September, 1989, Stuart Nachtwey 
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Beta particles, electrons, 1.0 MeV 
Beta particles, 0.1 MeV 
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South Atlantic Anomaly 

- Caused by combination of [1] anomaly in geomagnetic field over South Africa 
and [2] slight displacement of dipole axis (10°) from Earth's rotational axis 
• Proton intensity for energies >30MeV are observed at altitudes between 200 
and 400 km, approximately 1100 to 1300 km below normal 
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Radiation Environments (continued) 
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Main contribution to the radiation dose equivalent conn 
from protons 
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Energies of particles extend to values of 10 eV/nucleon 
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Radiation from solar flare extends from radio to x-ray wavelengths 

« 

Most flare events last about an hour. ALSPE, highly lethal occurrences are relatively 
rare but will last for hours or even days 



Solar Activity and Flare Proton Fluence 
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• 40m3 total volume 

• 9m3 free volume 

- 1 • Floor and ceiling require dedicated 

Plan composite shield panels. 
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Synergistic Usage of Consumables 
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Code verification 

Document code modifications in users guide 
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Design Assumptions 
Aerobrake Structural Design 
Structural Mass Comparison 
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Aerobrake Structural Design 






H H 

SS 


i—i m 

oo in 


2 * 
Q <LJ 

S O 


B ^ 

.2 s 

co C5 
v* eo 

9 C 
O cd 

t3£ 

§ § 
ss 


•o 

cd 

O 

1? 

Oh 




(7) Variable pressure distribution, Range 1.5psi to 3psi (81MT); 2.9psi to 5.9psi (153MT) 

(8) Structure temperature = 394K (250F) 

(9) Secondary spar pattern to be triangular for greater shear resistance 
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Aerobrake Structural Design 
Plan View of Aerobrake Structure 
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Shuttle-Z 3rd Stage TMIS 
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Dual-Engine Manifolded Plumbing 



jjdl5-l(> u j9 





ORIGINAL PAGE Is 
OF POOR m iai iT*\y 


C-3 


D615-10009 




















Shuttle-Z 3rd Stage TMIS 
Single-engine Version 


T3 G 04) 

H O t. 

5J4h 2 
■tt 604- P 

§ § o E 

8 § S S 

a , s*i ^ 

S3 .22 o’-g 

2:3 

8 HH ^3 > 
a 5 c 55 

uh - 
** c *8 

O o-g „ 
ts 5 

* 43 0) Cl* 

43 

3'S^ §> 

2 ^ q > 
o« v 50 

"lit 

■ ft! 83 1 

£ D O ^ 

¥ *3 E"! Js 

^ aw * 

eo S q 

•S ^ 

«9 , © 

CO T3 •£* 

60'> *S 

.S 2 3 3 

c« 0*ja a 

q «s o § 

■o c o ? 

S m^-s 
60 S * q 

'S 3 •§ 

g «n o A 

114 | 

S " g S-s 

■a .§■ S - .8 

w g fi P gp 

2-g.e I g 

§ 111 

o -Q §2 9 

v 5 m E# 
F Du'S > o 


P 


GO 

G 

O 

o 


p 


£ 

Jc> 

*0 

1 


o u 


P P G P CO 

5|sl!I 

•S q 5 6 g 2 

•f « E .22 m c 

* ° 3 jj p 2 

H&glsi 

s & 2 pli^ 

• s l|l-s 

CO ™ 

8- 

I 

*£k S *Q ^ ” 

?8 8*3^1 

u q > 60 p *o 






^ a o 



ilii 1 
11ll* 

* P _t 5 



CO S 

„,Hi 

UiH 

8f||? 

eft _d 



GO 




t 

m 


co 

Q 


statement. 









D615-10009 
















































r*#i5-innfl9 




D615-10009 
















































D615-10009 


























































































































































































































b 





I 


D615-10009 




D61S-10009 



























D615-10009 




























D615-10009 



Long-Duration Habitat Trade Study 



O 

uj (n 

o I' 

7.T LLi lu 

< _i O h- 







Mass Analyses 
Other Factors 
Conclusions 







c 

c 

c 

e 


L 

* 

t 

c 




Q 

UJ CD 

o 

H LU LU 
< _j O h- 

> =r < 00 
Q — CL > 







£ 

8 



CO 

fills 

CO ^ 

50 .. 

< o 

4 8 

M co 

.1 2 

•J3 co 

0 ) c 
•o o 

• Zri 


S3 3 



D615-10009 






D615-10009 



>» 

”3 

s 


CO 

"3 

Cg 

eg w 
3 S iQ 


•Q g 

eg £ 

»« 

sa 


eg 

u 

3 

T> 

a 

DA 

3 

O 

J 


/—s 09 

CN ‘5 

t ^ 
1—4 CO 


•C go 
« .2 
s a 

M rt 

'S3 H 
>v\- 

CQ « 
C go 

< 5 
>,u 

g>« 

al 

o5 
H S 


2 

o 

t£ u. 

C 2 

.S 8 *. 

to, O b 

2 - t3 2 

«*S.c£ « 

•s” a 5 : 

a Si § 

2 « P r 9 

.5 3 1U 

2 i' 5{2 

« *e3 S, a 

<5 C/5 00 Pu 


5 u g 

° 2 5 

w o .2 

[la C8 X3 

«tt- c 

o >, B 


g g vq 

c « ^ 

« O .. 

gs 1 

« g i 

>> O 0) 

PI 

*S 3 c 

CU U r 


O 

& 

H 


«3 K 
3 | 

8 I 

| 2 

•§ e 
i o 

ox >*2 

5 <-> 

o <d 
J CO 


GQ 

a 

*€ 

& 

o 


o 

<s £ 

_iil 

• 5 2 § 

CgJ> 

«a 3 •• 

O 4) M 

•C g S3 

5 o ^ 

fl 

«2 d <1 

3 £*3 o 

•e - 3 -g s 

8 -^ a a 

£ t § g 1 

o § 2 | 
rj o x> o 

|j U A U 

mOXO 


O 
. r cd 
b< JS tl 4 
o Q 
is *{ eo 

o a CO 

£ c 2 G 

" w co 

.s 

|| 8 
O CO rv 

Q 3 w? 



<W 

&►> 


<3 

>> 

$- 


a> 

S 

o 

o> 

o 


Variety Factor 
Elevator Factor 
Perimeter Factor 
Pathway Factor 
Scale Factor 



D61 SI 0009 



■3 

3 


CO 

0) 

■3 

t. 

H 


3 




co 


« § 
3 © 

oU 


3 

3 

OX) 

3 

O 

J 


i 

m 

OX) 

J 


i 

^ c* 

.2 M 

co C/D 


.5 t go 

11 

On 

** 8 
£» G 
•§ 8 
■s «a 

o <5 

< c* 


<0 ^ ^ £ 

5 |2 “ 

» O^h 

w oo in w 

Cl ^ jc 

*? •? o* <£ 
cs rn cm op 
oo ooco J 

W J M (S 

00 00 ~n *-H 


§ 

£ 

« 

s 

CO 

g 


& 


co >* <£ 

CO X? >• 

cd cd *3 

8 . 3*1 

5 S,| 1 | 
■o «55| 
S 5 * 

O <L> — ^ 
C « r; a 'S 


°ll 


tsfsi 

*S U u- h u 


.2 CO 
eo 

S'S 2 

4|1 

co *g § 

« c§ < 

« « 3 

^I S 

•3 J> Q 
2 S 8 


*C u u. 

s” M U 

^ (S u 

i 

g 8-| 
H 

J5 » C 

2 at 

K Ok Tf 


« 5 

JO 


X) 32 

sl 

VO ^ 


co 2 

3 | 

gw 

^ CO 
^ CO 

CO *2 

J? 8 

5 si 

v" S *T3 
o D< V 
C 3 w 

38* 

if? 

8|j 

»3 ^£3 *2 

^3 S3 O 


2 < 2 oS 


o- 

O 

c c 

o _o 

cd cd 
o o 

•C *C 

•§ *§ 

w w 

JL> Jg 

3 3 

■g? 

ss 

e c 

.2 .2 

2 I 

X) X 
cd cd 

33 32 


co 

co *73 
a> .2 
,tS ea C 
K u u 
O k 

||s 

u il 

.gu’B 

£ K$ 

cd *n " 

S ^ G 

^ 2 o 
O 5 33 

*3 _* cd 

£f f> ! 

O S 32 


& 

o 

c 

o 

U 



es 

3.22 

OD £ 

3 £> 
fi A 

o a 

U< 


CO 

►» 


•< 


§ 


o 

3 

fa 


O 


o 

c 

o 

U 



Long-duration Habitat Trade Study Summary 



T3 

S 

♦ 


u 3 
a -ti 

ii 



D615-10009 



c3 

S 

s 

g 

m 

s 


<L> 

s* 

H 


G 



g 

S 

c 

o 


g 

s 


OU 

C 

O 

J 



ORiGiMAL PAGE IS 

OF POOR QUALITY 




7_Z LLI LJJ 

< _j O h- 

> — <x tn 
Cl — Q_ > 

< O CO CO 


ifyyt' 

lc*n 


J) 


■ 

3 


4 



5 

35 

* 

6 
u 


s 


(j) ssvpv l 9SS3 A wnssaij 



CO 


3 

CO 






C 

C 

C 

C 


L 

T 

t 

c 







Motivation 



£ 

eo 

I 

CO 

>% 

£ 

•o 


.8 


(U *0 

6 3 

S3 co 


fS 

su 

H 
_ oo 

2 o 

-fi 

rt .S 




D6 1r 10009 






Q 

UJ if) 

o r- 


LLl UJ 
< _J o h- 
> — <</} 
Q^CL> 







S e 
O .5 


co 


ce 

u 

3 

*3 

a 

*8 

a> 

■3 

■3 


fS 


b 

C/3 

c n 


u 

a 

a 

CO 

CL 

a> 

V 

W 


a. 

a 

s 

CO 

4J 


O 

s 

#1 

0) 


3 

L> 

2 

© 

Z 



C/3 

fi 

o 



fil 

o 




DC 





I 

I 


« g 
fi 2 

S 2 

5 S 




DC 

# C 

*DC 

a 

j* 

u 

3 

a 













Lm 

C3 

c/3 

C/3 

4J 








cr 

C 


• Mass more critical for transportation systems than for LEO facilities 

• Crew system is the MTV payload; comprises about 1/4 of MTV mass 

• Sizes propulsion system, structure, aerobrake (if one) 

• Constrains integrated vehicle configuration for some propulsion options 


Habitat Module Evolutionary Context 
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Regardless of specific results, we would expect advanced habitation systems (such as planetary 
bases) to be comprised of both kinds (SSF-derived and advanced) of elements. 
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Select a reference concept for immediate application in current MTV concept 
definition for the STCAEM Study 
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Pressurized Cabin Diameter Comparison 
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MTV Hab Trade Tree 
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4TV Hab Trade Tree 












Habitat Concept Nomenclature 
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MTV Hab Trade Non-discriminators 
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MTV Habitat Trade Study Assumptions 
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• Galley / slorm shelter structure Integrated with floor structures above and below 
(structural advantage of deep-beam configuration to keep weight down) 

• Gravity-condition options emphasized (higher outfitted weight; must also accommodate 
jig regimes; result facilitates commonality with surface applications) 


Two features are notable. First, vehicles for which aeroentry was the dominant cabin 
configuration constraint have typically crowded their crews more than strictly in-space, 
habitation and non-capsule systems. Second, Skylab was not as anomalous as is traditionally 
claimed; Freedom has as much specific volume when hab, lab, all nodes, JEM and ESA modules 
are included. The key difference is that SSF has much more internal equipment than did Skylab , 
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Module Structure Concept Guidelines and Assumptions 
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Note: Reference habitat stmcture design guidelines derived from MSFC-HDBK-505 Rev. A 
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Representative Geometry Options to Scale 
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Representative Geometry Options to Scale 
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Topology Analysis Metrics 
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Module Cluster Topology Analysis 
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Module Cluster Topology Analysis (2) 
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Module Cluster Topology Analysis (3) 
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Module Cluster Topology Analysis (5) 
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Topology Metric Analysis 
Aerobrake Integration Factor 
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Topology Metric Analysis 

Aerobrake Integration Factor 
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_ Topology __ 

Topologies vary widely in their ability to be integrated easily behind aerobrakes. 
The clusters are assessed regardless of module length. 

Comparisons are most useful among clusters with the same number of modules. 




Topology Metric Analysis 
Safe-Haven Split Factor 
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Topology Metric Analysis 
Spatial Units Factor 
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Opportunities for spatial variety may be enhanced in clusters consisting of more modules 



























































































Topology Metric Analysis 
Parts Count Factor 
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Topology Metric Analysis 

Parts Count Factor 
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Topology Metric Analysis 
Proximity Convenience Factor 
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Topology Metric Analysis 

Proximity Convenience Factor 





























Topology Metric Analysis 
Circulation Efficiency Factor 



D615-10009 



c n 

fi 

u 


QJ 


Dfl 

© 

© 


tj 

es 

fa 

►> 

w 

fi 

*3 

S 

fa 

s 

e 

•OM 

2 

3 






























MTV Hab "Tunnel" Arrangements 
Cross Section Properties 
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MTV Hab "Tunnel” Arrangements 

7.6 m-diaraeter Cross Section Properties 
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MTV Hab " Tunnel" Arrangements 

10 m-diameter Cross Section Properties 
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MTV Hab "Tunnel” Arrangements 

4.4 m-diameter Cross Section Properties 
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Geometry Analysis Metrics 
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Geometry Analysis Metrics (2) 
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Geometry Analysis Metrics (3) 



Higher numbers indicate a wider range 










Habitation Module Geometry Metrics 
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Habitation Module Geometry Metrics 
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Habitation Module Geometry Metrics 
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Geometry Metric Analysis 
"Inhabitability Factor" 


AO U 

St 

« e 

(S 5 

g i -s 

« i s 

cs o**s 

g 

i . 8. 

a 1 £ 
" a .-3 


“a 

o> •— 


c — 

53 a 

s i 
a« 

M O 


.a 

$ 

CO 

& 

00 

8 


sji 

t s « 
o j u 

5 o'S 


V ^ 

« g 

*22 

u ^ 

S Jk 


G 

>% 

O 

€■ 

*> 


Q 

pis 

u 


i 

f »a 


8.2 

a | 

S 

•par ^ 

§ & 
£ <S 
.2 fi 

Si 


1 s 

i s 






D615-10009 S.<7 




Geometry Metric Analysis 

"Inhabitability Factor" 
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There is more specific nominal floor area in stacked configurations 
than in tunnel configurations, regardless of module diameter. 










Geometry Metric Analysis 
"Vault Factor" 
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Small-diameter and medium-diameter stacked modules 
have less generous overhead vaulted spaces. 







Geometry Metric Analysis 
N Domain Factor" 
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Geometry Metric Analysis 

"Domain Factor" 
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Geometry Metric Analysis 
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Geometry Metric Analysis 

t ♦ * 
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Geometry Metric Analysis 
"Spaciousness Factor" 
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Geometry Metric Analysis 

"Spaciousness Factor" 



Domed spaces appear more spacious for small crew sizes. With fixed 
diameter, barrel-vaulted spaces trade better for larger crew sizes. 





Geometry Metric Analysis 
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Geometry Metric Analysis 

"Variety Factor" 
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Geometry Metric Analysis 
"Elevator Factor” 
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Geometry Metric Analysis 
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Geometry Metric Analysis 
"Perimeter Factor" 
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Geometry Metric Analysis 

"Perimeter Factor" 
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Geometry Metric Analysis 
"Pathway Factor" 
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The intermediate range numbers (^10 to 100) provide sufficient circulation 
options to mitigate boredom, without incurring an excessive hardware penalty. 


















Geometry Metric Analysis 
" Scale Factor" 
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With increasing crew size, tunnel options 
provide potential for greater variety of spaces. 

















Activity & Proximity Analysis 
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Activity & Proximity Analysis 
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Reference Configurations 
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Reference Configuration 
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Opinion Survey Results 
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MTV Hab Trade Weight Groundrules 
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Pressure Vessel Mass Analysis 
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Pressure Vessel Mass Analysis 
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4.4m-diameter Module-cluster Mass Analysis 
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4.4m-diameter Module-cluster Mass Analysis 
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7.6m-diameter Module Mass Analysis 
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I Om-diameter Module Mass Analysis 
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Reference Concept Mass Analysis 
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Reference Concept Mass Analysis 
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Outfitting Equipment Mass Estimation 
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Outfitting Equipment Mass Estimation (2) 



M equip = 2724 + (1909)E + (I9I9)N + F + (I633)M + (t.43)Ap + (14 J)Af + (17)P + (10)NM 








Long-duration Module Outfitted Mass 
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Long-duration Module Outfitted Mass 
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Habllation Module Fabrication Technologies 
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Habitation Module Fabrication Technologies 



Metal matrix composites 
Organic matrix composites 





Habitation Module Fabrication Options 
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Organic Matrix Composites 
Metal Matrix Composites 
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Organic Matrix Composites 



Less suitable 


















Habitation Module Materials Technologies 
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Habitation Module Materials Technologies 


8 


\ 


: lu t. 

c _i u h 

> — < <j! 


% 


< O to o 


f i; 





CD 


1 

Ift 






a 





a | ° 8 

<»s © *** 





£ J 8 

J2S* S o* 

•c s sr 
•? 2 

»& 

•O © © 

>% 55 S 

1 5 S 

S§* 

# s a p 
c g «c 

§<§ 

0S 69 

•S 

sli 

is 

g. > o 
« - W 

3 £ — 

§‘S 1 
8 8*8 
00 fi 

i*s-2 

- 53 2 
2 g s 
© .2 oo 

*2 c5 G 
°* cL e 


c 
.2 *2 


90 


a e w 

* 3.S 

& - a 
^ Eq 

8 © T3 

1-2! 

a. >•« 

8 £ 3 

i.|l 

|\2 | 

° s-i 

J) C SO 

ell 





of a severely limited habitable domain. 



Module Concept Selection 



- 2 
2 








Module Concept Selection 



5 £ 3 


li! Hi 

c ** ^5 ® o 

U __ 50 « > *3 

Si SI'S-S a 

s ft 1 © *- § e 

* o 8 t) o 
*0 S Q. S £5 w *5* 

2*8sis * | 

M « “igS-o ® 
S & k h So 5 

tisaf«f 

•O S ert 2 o o 

SiS P o « »5 

g « S *s 2 
„ S a> o> 5 o 
*8 2 . •! S 2 £ 

ea IS » *. J2 ®* D. 

“ ilf^S 2> 
•s “ Is-'sl 

■3” sfi-s i 

8 *= so o 5 c 
2j> *8 « js « *s 
a 2 3 2P * “ 

11 fs i s-i 

g * 8 S £ - 


fl flag-I 

itfill* 
ii’s e i« 3 

I u • j-sf s 

s|||*fa 

2_g| 0 s-S 



«-* 00 


12 “ S 2 

•- § 4.'! £ •§ 1 

•sal 8.2? a 


,_ g» -3 > 

fT 2. *9 
cu cr os 





D015-1OOO9 






a g g 
■o X a.2 

S » S 3 










X -o « 

sl. -g 

-2 o> 5 


* 5 


o> 

> 

a> 

* 


a 

a 













0015-10009 



Evolutionary Lunar and Mars Options 
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• Growth capability (ganged LTVs for evolutionary architectures, higher energy 
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Lunar Modes Performance 

Crew Mission, 1 1. Payload Returned 
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Lunar Orbit Bolo Concept 
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Potential commonality with LEV 




Space Transfer Design for Commonality 
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Space Transfer Design for Commonality 
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LTV/LEV Configuration 




- _ O 

s*«■§> s -® 
§£a 2 s« 

I! I i J 1 

■s a - ’so I 

!’£ 11 


.a • 


41 


_ B S « g | 

^ so 43 «J *2 £ 


s i 


1.1 




_ j- .3 6b 

«-S c 

§ ^ ® «p 

*J> <5 d>.S 
!® ah’— E *& ti 

M e^Jl 


.2 

o 


Pu 
C3 
£ .2 


I 


*S 


| el’s oa 
J- S 6 2 w> S 

«S 2 « S J S 

s «««!*! 



§ 


g 8ll§ 8 

I S5«s " 
§*s.S 3 

5a 4) *53 CU 


« j |.g ll» 

t:“'| it? 


' 2s 3' a 
00 


K S c cd **9 *** 2 

5 .3 .5 <3 op.2 9 

2 03 c g * •« 
o 'S b s ^ fi 

1ft !%£ 

iiidS 



D615-10009 9.13 



LTV/LEV Configuration 
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Mini-MEV 
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NTR MISSION PROFILE 
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2016 NTR FLIGHT TRAJECTORY 
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2016 NTR Reference Trajectory 
Boeing #2 Modified/ 464 day / Venus swingby 




•••• 






\ 


mm « Bft 

a oil 

i?»p 

ioSJ 


\ 


/ 


i 




s./'-• 



• • J J*s 


«noo O.S 

W M * 


.. 


A- . 

E\ **“. « 

3 ~2 ^ 

!» N 

■sSLi * 

mj ^ 


"ORIGINAL PAGE IS 
OF POOR QUALITY 


Arrive Mars 7/31/16 penalties. 






70'S NERVA ENGINE 
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Advanced Propulsion System Characteristics 
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Advanced Propulsion 
System Characteristics 
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NTR Solid Core Fuel Element Temperature 

and Endurance Limits 
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NTR Solid Core Fuel Element Temperature 

and Endurance Limits 
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NTR Vehicle Isp as a Function of Hydrogen Temperature and Pressure 
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Distinctions between Low Pressure NTR Reactor 
Concept and demonstrated NERVA Reactor 
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2016 Mission Mars NTR Vehicle Comparison to Reference Chemical/aerobrake Vehicle 

Five NTR propulsion Mars vehicle design concepts tailored to the 2016, 434 day mission trajectory are 
shown below, with pertinent performance characteristics, for comparison to the 90 day study 
chemical/aerobrake reference Mars vehicle modified for the 2016 434 day trajectory for a fair 











These NERVA and NERVA derivative vehicles all use single 75k lbf thrust engines. The LP vehicle has 
three 25k lbf thrust engines and all vehicles excluding chemical/aerobrake utilize multiperiapsis bum 
departures leaving Earth to reduce finite bum losses. 



2016 Mission Mars NTR Vehicle Comparison 
to Reference Chemical/Aerobrake Vehicle 
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2016 Advanced NERVA NTR Reference Vehicle Sensitivity to Isp and Engine T/W 
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Multiperiapsis Earth Departure Burns 
For Moderate to Low Vehicle T/W 
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shadow shield configuration 
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NTR VEHICLE CONFIGURATION OPTIONS 
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(c) use advanced materials such as metal matrix composites to keep the tank 
fraction as low as possible 

« 

Other Issues include: Providing for tank release and jettison, minimizing and facilitating on orbit assembly, anticipating 
meteor shielding requirements (with or without a protection hanger at SSF), vehicle return for reuse 
refurbishment/resupply issues, artificial g accommodations and others. 
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Mars NTR Reference Vehicle Weight Statement 
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for Various NEP Vehicles 
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Optimum Mission Parameters for Various 

NEP Vehicles 
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NEP Opposition Class Mission Opportunities 
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Summary of Space Nuclear Power Systems 
Launched by the United States (1961-84) 
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Nuclear Safety Operations 
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Nuclear Safety Operations 
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Limit to UFO-short term 
25rem/30 - 5 rem/30 
1 Mo. Nat. @ SSF (WC) 


ijoAfnba asoQ 


♦ Graph redrawn from "Radiological Assessment of Space Nuclear Power Operations from Space Station Freedom". Wesley et.al. 11.9 
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Nuclear Safe Orbit Considerations 
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Nuclear Safe Orbit Considerations 
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A SSF altitude parking and departure orbit would 
significantly reduce the number of confronting issues. 





Increased NEP Reliability 
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NEP Power System Assumptions 
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potassium Rankine conversion systems. 


10 MWe Man-Rated NEP Power System 
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Spiral Time Analysis for Earth Spiral 
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Spiral Time Analysis for Earth Spiral 
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Mass of Expendable Array Scenarios vs. Reference Cases 
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Mars Flyby: Inertial Reference Frame 
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Mars Flyby: Mars Reference Frame 
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SEP Trajectory with Flybys 
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SEP Travel Time vs. Mission Type 
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Orbital and Space-Based Requirements 
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Orbital Debris Environment 
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Normalized Closing Angle Density Function 
500 km altitude, average 1990's environment 
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Mars Reference Vehicle Technology 

Requirements 
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8. Engine out capability (crossfeed propellant lines). 

9. No specified engine cycle. 

10. In-space changeout capability. 

11. Off vehicle preflight checks. 

12. No retraction / extension required. 
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4. Topoff in LEO before Earth departure. 

5. ~9 months in LEO before Earth departure. 

6. Boiloff loss of < 10% before Mars departure. 
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Mars Reference Vehicle Technology 

Requirements (cont.) 
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Mars Reference Vehicle Technology 

Requirements (cont.) 
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1. Level-15 kW. 

2. System: Solar arrays with battery storage (NiCad). 

3. Back up system: NA 
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Mars Reference Vehicle Technology 

Requirements (cont.) 
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Mars Reference Vehicle Technology 

Requirements (cont.) 
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3. Nozzle area ratio = 20 

4. TTirottleability = 15:1. 
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Mars Reference Vehicle Technology 

Requirements (cont.) 











» 


I 



Mars Reference Vehicle Technology 

Requirements (cont.) 
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Vehicle Requirements are being identified 

i 

Payload weight and size 

Distance traversed and time to perform tasks 

Duty Cycles (charge/recharge requirements) 
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Cost Estimation Ground Rules 
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Cost Analyses 



• • 








First Release Scheduled for May 30,1990 



Mars Vehicle Hardware DDT&E Cost Summary 
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Summary 
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Mars Vehicle Hardware Manufacturing Cost 

Summary 
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Total Cost = 4012.97 M 
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Element/Mission Schedules 
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Overarching Goals for Evolutionary Architecture 
Objectives of Evolutionary Architecture Analysis 
Lunar / Mars Sep Transportation Infrastructure 
Innovative / Evolutionary Architecture Themes 






Objectives of Evolutionary Architecture Analysis 
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Overarching Goals for Evolutionary Architectures 



£ | & 

- © h 

Ai " eB 

C 12 c 

« § § 

S CO co 

^ H 

* C *2 

S 22 

d> QQ m 

p| a 

S {5 

22 S g 

JTfS 

*o * JB 

S'SrS 

2 ^ G 
oo G o 

S O 

C 00 
C O 
<D O 
(a ^ c 

•3.8 8 

3 -g v 

o a &, 



D61S-10009 



Overarching Goals for Evolutionary Architectures 



• Maximize long-term accomplishment benefit/cost ratio, such as person-years 
on planetary surfaces per unit of program life-cycle cost. 


Innovative/Evolutionary Architecture Themes 
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Innovative/Evolutionary Architecture Themes 
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Candidate Alternative Architectures with Focussed Themes and Premises 
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mission, evolving to L2 Mars node and the availability of volatiles resources on the 

supplied with lunar oxygen by Moon, MTV waste disposal on the Moon and 

lunar surface mass driver. food and atmosphere resupply from the Moon 

may also make sense. 
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7. Lunar/Mars - Identical to option 1, but This alternative tests the cost-effectiveness of NEP 

uses NEP for lunar cargo delivery. for lunar cargo where the NEP is already available. 



Mars Transportation Propulsion Options for Alternative Architectures 
A key factor in defining and selecting propulsion options is the pertinent operations modes. 
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Mars Transportation Architecture Options 
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Fully Reusable Cryogenic Aerobraked System, Split TMI Burn (Modes 3 and 5) 
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Fully Reusable Cryogenic Aerobraked System, 

Split TMI Burn (Modes 3 and 5) 



MEV delivered to Mars and reused there; MTV returns to SSF orbit 




NTR 900 Isp Staged Tanks and Engines, Mode 6 
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Mode 6C: Core stage propulsive capture 
to H£0; habitat and crew return to LEO 
by aerocapture. 
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Lunar/Mars SEP Transportation Infrastructure 
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NEP Operated from High Orbit, Modes 14 and 15 
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Preliminary Architecture Schedule and Manifest 
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Preliminary Architecture Schedule and Manifest 
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Evolutionary Program Commonality Matrix 
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